United States Patent [

Hwang

[54] CHARGING CONTROL METHOD AND
CIRCUIT OF RECHARGING BATTERY

[75] Inventor: Yong-Duk Hwang, Gumi, Rep. of

Korea

[73] Assignee: SamSung Electronics co., Ltd.,
Suwon, Rep. of Korea

[21] Appl. No.: 579,322

US005644210A
(111 Patent Number: 5,644,210
[451 Date of Patent: Jul. 1, 1997
5,408,170  4/1995 Umetsu et al. wovrerereresecssseen 320/39
5444353  8/1995 Shinohara et al. w..ooeuerrerrerneen 370/39
5,451,880 9/1995 Yamagishi et al. overrrnne.. 320/48 X -

Primary Examiner—Edward Tso
Attorney, Agent, or Firm—Robert E. Bushnell, Esq.

157] ABSTRACT

A charging control method and circuit of a rechargable
battery, able to achieve full charging of the battery by
turning on/off of the battery during a given time control

[22] Filed: Dec. 28, 1995 circuit of a recharging battery includes: a battery voltage
) .. o sensing unit connected to battery inserting unit, for sensing
[30] Foreign Application Priority Data a battery charging voltage connected; an analog/digital
Dec. 28,1994 [KR] Rep. of KOrea ....coooo.... 1994-38101  converter for digitalizing a voltage value sensed in the
6 battery voltage sensing unit; a central processing unit for
[SI] INME CL7 e cerrercsnssenseresnsenrensens HO01M 10/44 sensing whether or not the battery has been inserted from an
[52] US. ClL .. 320/22; 320/31; 320/48 output value of the analog[dlglta_]_ converter, repcatcdly
[58] Field of Search ........neeereecnnrnns 320721, 22, 31, turning on/off during a given time, controlling the current
320/39, 40, 48 supply, determining whether or not the battery is full
| _ charged, and controlling the full charged state to be dis-
[56] ‘References Cited played; a battery charging display unit for displaying the full
U.S. PATENT DOCUMENTS charge state or state by a value outputted from the central
o processing unit; a current regulator for supplying the battery
3,609,503 9/1971 Burkett et al. ....coecerervcnnrassosnanees 320/5 with current; a switching regulator for switching an output
4,409,538 10/1983 Tabata ......ccrimenemsansensascansens 320/40 X of the current regulator to be turned during the given time
4,513,238 4/1985 01.‘ban ---------------------------------------- 32023 undc{‘ ﬂle cgntl‘ol of ﬂle cen‘tral pI‘OCESSing unit; and a
4,993,057 3/1991 Shinohara et al. .......ccccrenenrerenne 320/40 Chﬂl'glﬂg path SGI&Cﬁ]]g unit for s 616Cﬁ11g an Ol]tpllt of the
5,155,428 10/1992 Kang eevveveersecereemremsecnnnemsanes 320/39 X tohi by th of th o .
5,172,044 12/1992 Sasaki et al. weoreeeeerresomomecrnn 302 SWikching regulator by the output of the central processing
5206579  4/1993 Kawate et al. wewrrooeeersesrsssns 32000  unitand providing the selected output to the battery inserting
5289,102  2/1994 TOVA werruremrecremersmmssemsmmsssenans 320722  umit
3,352,968 10/1994 Remi et al. .....coceveerneececcnisenenes 320/35
3,357,187 10/1994 Park ......eveeercrrcnnnnnraresesssoenaeses 32020 22 Claims, 5 Drawing Sheets
1 80
101
l 1
! |
110 L |
: :
SWITCHING CURRENT 19 | |
REGULATOR REGULATOR l l |
! |
114 ; CPU |
1 |
[ |
CHARGING PATH B ! |
SELECTING UNIT | l
H /O :
1 :
116 } 105
1 1
r |
BATTERY CHARGING I A/D |
DISPLAY UNIT . | CONVERTER | |
! :
120 118 ] i

|
J | BATTERY VOLTAGE
SENSING UNIT




5,644,210

Sheet 1 of 5

H31H3ANOD

SO

[ 'O

LINN ONISNAS
39V T10A AH3LIVE

%

8Ll

LINN AV 1dSIQ
ONIQIVHO Ad4L1LVE

9l

Jul. 1, 1997

e N T e Y X )

U.S. Patent

AR HOLVINO A4S

LNJHdNO

Ocl

L4135
[OHVHO

-
i
-
O
Z

L
-
al
O
Z

4%

JRE)=
JLIMS

Ad
S
5

&
<
T

- iy

OlLl



Jul. 1, 1997 Sheet 2 of 5 ' 5,644,210 '

U.S. Patent
START
200 — Y _
POWER ON
201
IS NO
BATTERY INSERTED? 202
203 " DISPLAY INSERION
PERFORM ON-DISPLAY

INSERTION OF BATTERY C&E&?N%Rg.gpt‘m
— SR

204 | READ BATIERY VOLTAGE '

ha! PRIOR TO CHARGING
205
. VOLTAGE PRIOR TO
CHARGING
S CC
HAS
NO " 30 MINUTES NO
DASSED?
YES ﬂ

'CHARGE BATTERY TURN | 206
ON REGULATOR

208

Y

NO
209

BAITERY
VOLTAGE PRIOR TO

CH@(RGING

YES

210

NO HAS
QQ TIME PASSED?

YES

FIG. 2A



U.S. Patent Jul. 1, 1997 Sheet 3 of 5 . 5,644,210

211 !

BATTERY

VOLIAGE PRIOR TO NO
CHARGING
SBB?

212 YES

HAS
PP TIME PASSED? N

YES
1S

COUNTER FOR 3C
MINUTES OVER 2-
TIMES?

213

YES

NO

215

1S

CHARGING MODE FOR
30 MINUTES SET ?

NO
216
CHARGING MODE FOR—YES
20 MINUTES SET 2
RO
217
o S

CHARGING MODE FOR
o MINUTES SET ?

218

YES
CHARGING FOR 25

HARGING FOR 25 MINUTE
SAME AS FORMER

220

CONVERT CHARGING MODE
FOR 25 MINUTES INTO CHARG-
ING MODE FOR 20 MINUTES

CLEAR
COUNTER FOR
30 MINUTES

INCREASE COUNTER FOR
30 MINUTES BY 1




U.S. Patent Jul. 1, 1997 Sheet 4 of 5 5,644,210
5 224
YES VOLTAGE UPON
CHARGING FOR 20 MINUTE
214 RISEN?
CLEAR NO
OLTAGE UPON NO
HARGING FOR 20 MINUTE

SAME 69\5 FORMER

YES

226

 INCREASE COUNTER FOR
~ 30 MINUTESBY 1

CONVERT CHARGING MODE 227

FOR 20 MINUTES INTO CHARG-
ING MODE FOR 25 MINUTES

* TURN OFF REGULATOR, 228
* CLEAR BATTERY VOLTAGE
PRIOR TO CHARGING.

229
10 MINUTES PASSED
_ YES

_ FIG. 2C

* TURN OFF REGULATOR, 222

* CLEAR BATTERY VOLTAGE
PRIOR TO CHARGING.

223

FAS
5 MINUTES PASSED? ==

YES

FIG. 2D



. U.S. Patent

na

CLEAR
COUNTER FOR

30 MINUTES

230

P,

Jul.1,1997  Sheet 5 of 5 5,644,210

CHARGING BEEN
PERFORMED FOR

VOLTAGE UPON
CHARGING FOR 30 MINUTE

RISEN?

OLTAGE UPON
HARGING FOR 30 MINUTE
SAME AS FORMER
OLTAGE2

YES

CONVERT CHARGING MODE
FOR 30 MINUTES INTO CHARG-

| _ING MODE FOR 20 MINUTES

239

* TURN OFF REGULATOR,

* CLEAR BATTERY VOLTAGE
PRIOR TO CHARGING.

* CLEAR COUNTER FOR 30
MINUTES

NO

233

234

035
HAS
0 MINUTES PASSED
NO f?ﬁf’
SET CHARGING MODE

FOR 30 MINUTES

NO &

237

* TURN OFF REGULATOR

* TURN ON DISPLAY OF
FULL CHARGED STATE

* CLEAR COUNTER FOR
30 MINUTES

'« CLEAR CHARGING
 MODE FOR 30 MINUTES

* CLEAR CHARGING

- MODE FOR 20 MINUTES

FIG. 2F



5,644,210

1

CHARGING CONTROL METHOD AND
CIRCUIT OF RECHARGING BATTERY

CROSS-REFERENCE TO RELATED
APPLICATIONS

This application makes reference to, incorporates the
same herein, and claims all benefits accruing under 35
U.S5.C. §119 arising from an application for CHARGING
CONTROL METHOD AND CIRCUIT OF RECHARGING
BATTERY ecarlier filed in the Korean Industrial Property
Office on the 28th day of Dec. in the year 1994 and there
duly assigned Ser. No. 38101/1994.

BACKGROUND OF THE INVENTION

The present invention relates to a circuit and process for
controlling recharging of batteries and, more particularly, to
a circuit and a process for obtaining fully charged batteries
by interrupting the charging of the battery during a given
time.

Generally, one widely used method for sensing the fully
charged state of a battery during recharging relies upon
detection of a minus delta voltage. One battery manufactur-
ing company has recommended detection of a minus delta
voltage only when recharging a battery at high speed
because a minus delta voltage is not generated in most cases
while supplying the battery with electrical charging current
below 0.3 C. More specifically, a minus delta voltage is not
generated while a battery is at a high temperature and, if the
battery has not been used for a long time or if the battery is
in a low-voltage state just after manufacture, a minus delta
voltage phenomenon may be generated. Furthermore, with
contemporary charging circuits, since the temperature of the
battery as well as its voltage should be measured in order to
sense the state of the charge carded by a battery, the
production cost of such circuits is high. I have also found
that when an electrical current is continuously supplied to a
battery, waste heat can be radiated to other components in a

circuit, thereby deleteriously influencing the performance of
the circuit. '

One recent effort described in U.S. Pat. No. 5,444,353 to.

S. Shinohara, et al., for a Battery Charger, depends upon an
immediate application of an initial constant amplitude
charging current to a battery prior to making an effort to
determine the state of the battery. Other contemporary
efforts, such as that found in U.S. Pat. No. 5,451,880 to
Yamagishi, et al., for a Battery-Charging Circuit, endeavors
to detect a complete charge as well as an abnormality in a
battery without relying upon either minus delta voltage or
temperature control systems, depends upon immediate
application of a quick charge to nickel-cadium and to
nickel-hydrogen type batteries, with the amplitude of the
quick charging current being in the range of 0.5 C to 2.0 C.
I have found that an immediate application of a charging
current having an amplitude within the ranges required for
attaining a quick charge, is not always wise when the
possibility exists that the battery is either already fully
charged or is abnormal.

SUMMARY OF THE INVENTION

It is therefore one object of the present invention to
provide an improved process and battery charging circuit for
controlling the electrical charging of a battery.

It is another object to provide a process and a battery
charging circuit capable of sensing a fully charged state of
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a battery while supplying the battery with an electrical
charging current below a range of 0.1 C.~0.4 C.

It is yet another object to provide a charging control
method and circuit capable of eliminating a minus delta
voltage by charging a battery that may generate a minus
delta voltage as soon as the battery is inserted into a charging
device or after checking the mount of capacity that the
battery has, by continually charging the battery during a
given time.

It is still another object to provide a charging control
method for sensing a fully charged state of a battery without

requiring additional thermal loss by exactly sensing a minus
delta voltage of the battery.

It is still yet another object to provide a process for
minimizing thermal loss from a battery during electrical
charging by sensing the fully charged state of the battery
through exactly sensing the minus delta voltage of the
battery.

It is a further object to provide a charging control process
for preventing adverse influence on various components of
the system caused by generation of thermal emission that
accompanies the charging of a battery and by accommodat-
ing thermal emission without adverse influence on the
system during off-charging times, while interrupting the
charging of the battery during a given time.

It is still another object to provide a process and circuit for
reliably controlling charging of rechargable batteries with-
out reliance upon a temperature control system.

These and other objects can be achieved according to the
principles of the present invention by turning on and off the
charging current applied by the circuit to a rechargable
battery during given intervals of time, while supplying the
battery with the amplitude of the charging current being
below a range of 0.1 C.~0.4 C. Setting of an arbitrary time
for stabilizing the gas of the battery is required, and then
again charging the battery during the given time allows
attainment of a full charge on the battery.

BRIEF DESCRIPTION OF THE DRAWINGS

A more complete appreciation of the invention, and many
of the attendant advantages thereof, will be readily apparent
as the same becomes better understood by reference to the
following detail description when considered in conjunction
with the accompanying drawings in which like reference
symbols indicate the same or similar components, wherein:

FIG. 1 is a circuit block diagram illustrating a battery

charging circuit constructed as one embodiment of the
present invention; and

FIGS. 2A through 2E provide a flow chart illustrating a
process of controlling charging of batteries according to the
principles of the present invention.

DETAILED DESCRIPTION OF THE
PREFERRED EMBODIMENTS

Turning now to the drawings, FIG. 1 is a block diagram
illustrating battery charging a circuit for a system con-
structed as one embodiment of the present invention, with a
battery voltage sensing unit 118 connected to a battery
receptacle 120, to sense the voltage appearing across the
battery held by receptacle 120. A control unit 100 has an A/D
(analog-to-digital) converter 105 for digitalizing a voltage
value sensed by battery voltage sensing unit 118 and a
central processing unit (hereinafter, sometimes referred to as
a CPU) 101 such as a single chip microprocessor, for sensing
from a binary output value from A/D converter 105 whether
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or not the battery has been inserted into receptacle 120.
Central processing unit 101 contains a read only memory

storing an operational program, and a random access
memory for storing process paramaters and variables; cen-
tral processing unit 101 may be programmed, or wired, to
repeatedly turn the charging current to a battery within
receptacle 120 on and off during a given time in order to
control the charging process, to determine whether or not the
battery is fully charged, and to control the fully charged state
of the battery to be displayed. A battery charging display unit
116 displays either the fully charged state or the current
charging state of the battery on the basis of a value received

from CPU 101. A current regulator 112 supplies the battery
with a charging current via switching regulator 110 and
charging path selecting unit 114. Switching regulator 110
switches the output current from current regulator 112 that
is turned on during the given time under the control of CPU
101. Charging path selecting unit 114 selects an output
current from switching regulator 110 under control of the
CPU 101 and provides the selected output to the battery that
has been inserted into receptacle 120.

That is, in the circuit represented by FIG. 1, when power
is applied to the circuit, CPU 101 receives a binary signal
from converter 105 that is representative of a voltage output
of battery voltage sensing unit 118 in order to check whether
any battery has been inserted into battery receptacle 120.
After converting an output analog value of the battery
voltage sensing unit 118 into a digital (e.g., binary) value in
A/D converter 105, the digital value is applied to CPU 101,
so that CPU 101 may determine on the basis of the digital
value whether or not any battery has been inserted into
battery receptacle 120. When a battery is inserted into
receptacle 120, CPU 101 triggers a display of an “on-
charging”illuminated visual message through battery charg-
ing display unit 116 by applying a control signal from one
of its input/output ports to battery charging display unit 116,
turns on the switching regulator 110 and charging path
selecting unit 114, and thereby enables the charging current
to be supplied to the battery within receptacle 120.

Further, upon reading an exact value from A/D converter
105 by using the battery voltage sensing unit 118, CPU 110
determines by using the value read whether or not the battery
contained within receptacle 120 is fully charged or whether
the battery will need to be further charged.

When the battery is fully charged, CPU 101 turns off a
path of the charging path selecting unit 114 via one of its
input/output ports, turns off switching regulator 110 and
displays an illuminated visual message indicating the fully
charged state of the battery through battery charging display
unit 116.

FIG. 2A through 2E show different portions of a flow
chart illustrating a charging control process when practiced
for a particular embodiment according to the principles of
the present invention. This process contemplates a first
routine including step 201 for checking the state of a battery
upon insertion of the battery into receptacle 120, displaying
a visual indication of the state of the battery on display unit
116 in one of steps 202, 203, and reading in step 204 a
battery voltage measured prior to the charging. A second
routine contemplates performing the on-charging of the
battery in step 206 and checking in step 208 whether the
battery voltage read prior to initiation of the charging has
been cleared or not, in the case that the battery voltage that
was read in the first routine prior to the initiation of charging
of the battery to a first voltage state has been determined in
steps 203, 207 to have been maintained during a first period
of time QQ. A third routine of steps 209, 210 determines
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whether the battery voltage of the battery prior to the
initiation of charging of the battery to a second voltage state

during a first period of time QQ, has been maintained in the
case where step 208 has determined that the voltage read
prior to the initiation of charging in the second routine has
not been cleared.

A fourth routine checks during steps 211, 212 whether the
battery voltage read prior to the initiation of the charging of
the battery corresponds to a third voltage state in the case
where the third routine has determined that the value of the
battery voltage read prior to the initiation of the charging has
been maintained during the third step for a second period of
time PP. A fifth routine including step 213 checks whether
the number of counter is over n-times from the first period
of time QQ when the value of battery voltage read prior to
the initiation of charging is determined during the fourth
routine to have been maintained at the second voltage state
during the third period of time PP. A sixth routine including
steps 215, 216 determines whether charging modes corre-
sponding to the first and second periods of time QQ and PP
have been set during the fifth routine. A seventh routine
includes steps 230-232 for checking the state of the battery
resulting from the charging during the first period of time
QQ when a recharging mode has been set by the sixth
routine, and in step 233 converting the charging mode to the
second period of time PP.

A eighth routine includes step 224, 225 for checking the
state of the battery resulting from the charging during the
second period of time PP when the charging mode for the
second period of time PP is set by the sixth routine, step 226
for increasing a counter corresponding to the first period of
time QQ, step 227 for converting the charging mode into
another charging mode and turning off the charging, and step
229 for idling the charging of the battery for a set period of
time, and then returning to the second routine, in the case
that the charging value corresponding to the second period
of time PP reaches a desired voltage. A ninth routine has
steps 217-219 for checking the state of the battery resulting
from the charging of the battery during the given time, in the
case that the charging modes during the first and second
periods of time QQ and PP are set by the sixth routine and
charging of the battery has been performed during the given
time, converted the charging mode into a different charging
mode, increasing the count, turning off the supply of elec-
trical current, and clearing the memory of central processing
unit 101 of the voltage of the battery read prior to the
initiation of charging, upon determining that the battery is
holding a corresponding voltage over time.

An embodiment constructed according to the principles of
the present invention will be in detail explained hereinafter
with reference to FIGS. 1 and 2A through 2E. In this
embodiment of the present invention, two examplary kinds
of 4.8 volt rechargable batteries (e.g., either 4.8 mAL=(.29
C, or 1200 mAI =0.12 C.) will be used, and the charging
current may be set to 140 mA. In the example illustrated by
FIGS. 2A through 2E, AA is set to 4.9 Volts, BB is set to 5.2
Volts, CC is set to 5.4 Volts, PP is set to fifty-five minutes,
and QQ 1is set to two and one-half hours. One object of
achieving the charging of a battery according to the prin-
ciples of the present invention strives to control the battery
charging by changing the on and ofttimes of the charging
current provided by the battery charging circuit. When
charging the battery with a constant current, a minus delta
volt phenomenon can not be sensed when the charging is
respectively performed at either 0.29 C. or 0.12 C.

Charging of a battery held by receptacle 120 may be
controlled by performing the on-charging of the battery for
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twenty-five minutes and interrupting the charging of the
battery for ten minutes, because a minus delta volt will not
be generated with the battery at a temperature over 40° C.
due to a feature of the battery; alternatively, on-charging for
thirty minutes and turning off the charging for thirty minutes
may be performed.

Further, since the routine for performing the on-charging
for twenty minutes and the off-charging for ten minutes can
generate the minus delta volt due to the feature of the battery,
the on/off time of the current charging can be varied accord-
ing to the battery charging circuit using the charging control
process as described above.

Here, the charging current, the voltage, the on/off time of
the current charging may be varied according to particular
characteristics of the battery charging circuit and the specific
battery being charged.

In step 200, when the power voltage is on, CPU 101 starts
to control the charging operation. In step 201, CPU 101
checks whether any battery has been inserted into receptacle
120. Then, if no battery has been inserted, CPU 101, in step
202, provides a visual display of an off-charging state
through charging display unit 116. If, on the contrary, a
battery has been inserted into receptacle 120, CPU 101, in
step 203, displays an on-charging state on display unit 116
in accordance with of the insertion of the battery into
receptacle 120. The foregoing performance is achieved by
checking a value of the voltage read from the battery by the

battery voltage sensing unit 118 before CPU 101 initiates the
charging of the battery. |

Upon performing step 204, CPU 101 checks the amount
of capacity that the battery has, thereby determining the
particular routine by which the battery should be charged.
When the battery voltage prior to the charging is determined
to be over a CC voltage, namely, 5.4-volts in step 205, CPU
101 waits and does not apply a charge to the battery for an
interval of thirty minutes in step 207. After the thirty minute
interval has been determined by step 207 to have passed, in
step 206 CPU 101 controls switching regulator I 10 which
is supplied by current regulator 112 with a charging current,
and controls the charging path selecting unit 114, to thereby

actually initiate charging of the battery held by receptacle
120.

That is, the object of performing the foregoing steps is to
provide enough time to stabilize the battery, because the
minus delta voltage phenomenon may be generated very
suddenly during efforts to charge a fully charged battery.
While the battery is being charged, CPU 101 checks, in step
208, whether the voltage initially determined to be held by
the battery has been cleared from the memory of controller
101. Then, in step 208, now that a variance of the charging
voltage is possible (i.e., when the charging voltage has been
cleared from the memory of controller 101), the value of the
voltage across the battery is again read by CPU 101, so as
to obtain an exact determination of the contemporary volt-
age held by the battery. In other words, when the voltage
read by CPU 101 prior to the initiation of charging is cleared
from the memory of CPU 101, CPU 101 makes the deter-
mination at step 213 without condition in order to check
whether the number of the counter for thirty minutes is over
two times (i.e., whether two intervals of thirty minute
idleness have passed).

When step 208 determines that the value of the initial
voltage of the battery that was read prior to initiation of
charging has not been cleared from the memory of CPU 101,
CPU 101 checks, in step 209, whether the charging voltage
is set over a AA voltage variable, namely, 4.9 volts. Thus,
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6
when the initial voltage read prior to the charging is not over

4.9 volts, CPU 101, in step 210, controls the current to be

continuously supplied to battery for a first time period QQ,
namely in this example, two hours and one-half hours. If, on

the contrary, when the initial voltage read prior to the
initiation of charging is over 4.9 volts, CPU 101 checks, in
step 211, whether or not the initial voltage of the battery read
prior to the initiation of charging is over a BB voltage
variable, namely in this example, 5.2 volts. If the initial
voltage read prior to the initiation of charging is determined
in step 211 to be over 5.2 volts, CPU 101 performs the step
213. If however, the initial voltage read prior to the initiation
of charging is determined in step 211 to be not over 5.2 volts,
CPU 101 controls, in step 212, the current being continu-
ously supplied to battery during interval a second time
period PP (namely, in this example, fifty-five minutes). Here,
the reason for this difference in the on and off time intervals
during charging is to minimize the problem of excessive
time consumption occurring when charging the battery
while turning switching regulator 110 on and off for equal
intervals of time, a process which requires more time than
does charging the battery with a continuous and uninter-
rupted flow of a constant electrical current.

Subsequently, after checking in the step 213, whether the
count maintained by its counter of the number of thirty
minute intervals is over two, if CPU 101 determines that the
number of the counter for thirty minute intervals is over two,
then during step 234 CPU 101 interrupts the charging of the -
battery by turming off switching regulator 110, clears from its
memory the initial voltage of the battery read prior to the
initiation of charging, and clears from its counter the count
of the number of thirty minutes intervals. Sequentially, after
checking in step 235 whether or not an interruption in the
charging of the battery has been maintained for thirty
minutes, in step 236, CPU 101 sets a charging mode for an
interval such as thirty minutes. Accordingly, when repeating
step 215, CPU 101 establishes the interval for charging the
battery as thirty minutes.

CPU 101 checks, in step 230, whether charging of the

battery as continued for thirty minutes, and if charging is

determined in step 230 to have continued for thirty minutes,
CPU 101 checks, in step 231, whether the charging voltage
borne by the battery has risen during that thirty minute
interval. If the voltage read across the battery is determined
in step 231 to have not risen during the thirty minute
charging interval, CPU 101 checks, in step 232, whether the
charging voltage currently borne by the battery after thirty
minutes of charging is the same as the voltage formerly read
across the battery. Thus, if it is determined in step 232 that
the charging voltage currently borne by the battery after
thirty minutes of charging is the same as the voltage for-
merly read across the battery, in step 233, CPU 101 converts
the charging mode for thirty minutes into a charging mode
for twenty minutes. After clearing the counter of its count of
thirty minute intervals in step 239, CPU 101 checks, by
repetition of steps, whether the battery has additional capac-
ity to be charged and maintains, in step 222, a charging
waiting state.

When however, the voltage borne by the battery after
being subjected to a thirty minute interval of charging is
determined in step 232 to not be the same as the voltage
previously read across the battery, in step 237 CPU 101
interrupts the charging by turning switching regulator 110
off, sets a full charged flag, controls battery charging display
unit 116 to display a fully charged state visual message, and
clears the counter of its count of thirty minutes intervals,
clears its establishment of the interval for a charging mode
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of thirty minutes, and dears its establishment of the charging
mode for twenty minutes. That is, when CPU 101 deter-
mines that the voltage currently borne by the battery has
fallen, CPU 101 recognizes that the battery is in a fully
charged state, and in step 237 controls the charging circuit
to end the charging process.

In the event that CPU 101 determines during step 213 that
the count held by its counter of the number of thirty minute
intervals for charging the battery is not over two, and if in
step 215 a determination is made that the charging mode has

not been set for a thirty minute interval, CPU 101 will check

in step 216 whether the charging mode has been set of a
twenty minute charging interval. Here, when the charging

mode is determined in step 216 to have been set for a twenty
minute charging interval, and charging of the battery has
been performed for the twenty minutes charging interval
CPU 101 performs step 224. In step 224, CPU 101 deter-
mines Whether the voltage sensed across the battery has
risen after charging the battery for a twenty minute charging
interval. Then, when a determination is made during step
224 that the voltage borne by the battery has not risen, CPU
101 checks, in step 225, whether the charging voltage
currently borne by the battery after twenty minutes of
charging is the same as the voltage formetly read across the
battery. After charging the battery for the twenty minute
default interval, during step 225 CPU 101 proceeds to step
237 to end the charging process.

As soon as CPU 101 CPU determines during step 224 that
the voltage borne by the battery has risen, 101 performs step
214 by rearing its counter of its count of thirty minute
intervals. When CPU 101 determines during step 225
however, that the voltage home by the battery is the same as
the voltage, formerly read across the battery in step 226 CPU
101 increases the count maintained by its counter of thirty
minute intervals by one. Thereafter, in step 227 CPU 101
converts the charging mode of twenty minute intervals into
a charging mode of twenty-five minute intervals, and irregu-
lator 110 off and clear regulator 110 off and clears from its
memory the value of the battery voltage previously sensed.
Next, the CPU 101 performs step 229 by idling the battery
charging circuit for a ten minute interval while switching
regulator 110 is maintained in a non-clectrically conducting
(i.e., an off) state. Subsequently, CPU 101 returns to the
second routine beginning at step 206.

When the charging mode is determined during step 216 to
not be set for a twenty minute charging interval, CPU 101
checks, in step 217, whether or not any charging of the

battery has been performed. When the charging is deter-
mined in step 217 to have been performed, in step 218 CPU
101 checks whether the charge held by the battery has risen
and upon making a determination that the charge held by the
battery has risen, proceeds to step 238 and clears the counter
of its count of thirty minute intervals. If the charging modes
for 20 and 30 minutes are set, the CPU 101 proceeds with
a charging mode of twenty-five minute intervals and charges
the battery during twenty-five minute intervals. Thereafter,
when CPU 101 determines in step 218 that the voltage
sensed across the battery has risen, CPU 101 in step 238
clears the counter of its count of the number of thirty minute
intervals. If on the contrary, CPU 101 determines during step
218 that the voltage borne by the battery has not risen, CPU
101 checks, in step 219, whether the voltage currently home
by the battery is the same as the voltage previously sensed
across the battery after completion of the charging of the
battery for a twenty-five minute interval. At this time, if CPU
101 determines in step 219 that the voltage home by the
battery after charging for twenty-five minutes is the same as
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the previously sensed voltage, in step 220 CPU 101 converts
the charging mode of twenty-five minute intervals into the
charging mode of twenty minute intervals, and in step 221
increases the count of thirty minute intervals maintained by
counter by one. CPU 101 then, in step 222, turns switching
regulator 110 off and clears from its memory the sensed

value of the voltage held by the battery prior to the charging
of the battery performed in the step 222. Subsequently, in

step 223, CPU 101 turns switching regulator 110 off for an
interval of five minutes. Furthermore, when CPU 101 deter-

mines in step 219 that after charging the battery for am
interval of twenty-five minutes, the voltage home by the
battery is not same as the previously sensed voltage of the
battery, CPU 101 performs step 237 and turns switching
regulator 110 off.

After performing step 233, CPU 101 returns the battery
charging circuit to step 206 and charges the battery accord-

ingly.
As described in the foregoing paragraphs, the present
invention has an advantages in that the fully charged state of
battery can be sensed with no additional stages required for
detecting thermal measurement, by the expedience of
exactly sensing a minus delta voltage of the battery. Also,
while controlling the battery charging circuit by turning
alternately charging and then interrupting the charging of the
battery over selected intervals of time, the deleteriously
aftects of heat generated during the charging may be
attenuated, or avoided, by the intervals of interruption in the
charging.
Moreover, the present invention has an advantage in that
the fully charged state of battery can be sensed during
charging below 0.3 C, even in a battery in which the minus
delta volt has not been generated. Also, when the battery is
inserted into the charging device, the CPU does not
immediately, and blindly initiate the charging of the battery,
but first checks the voltage of the battery voltage prior to the
charging and checks the amount of capacity that the battery
has available. Therefore, embodiments constructed accord-
ing to the principles of the present invention disclosed have
an advantage because the minus delta voltage can be elimi-
nated by interrupting the continous charging of the battery
for constant intervals of time during the charging of the
battery.
What is claimed is:
1. A battery charging control circuit, comprising:
battery voltage sensing means connected to battery insert-
ing means, for sensing a battery voltage of a battery
inserted in said battery inserting means;

analog/digital converter for generating voltage data by
digitalizing a voltage value sensed in said battery
voltage sensing means;

a central processing unit for repeatedly turning on/off a
charging of said battery during a given time, controlling
application of a charging current to said battery, deter-
mining whether said battery is fully charged, and
controlling a visual display of a full charged state of
said battery in dependence upon said voltage data;

battery charging display means for providing a visual
display of one of said fully charged state of said battery
and a charging state of said battery under control of said
central processing unit;

a current regulator for supplying said battery with said
charging current;

a switching regulator for switching an output of said
current regulator to supply said charging current to said
battery during said given time under the control of said
central processing unit; and
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charging path selecting means for selecting an output of
said switching regulator to said battery inserting means
to control a sequence of on-charging of the battery and
interruption of the on-charging for first, second, third,
fourth, fifth and sixth time periods until the battery is
fully charged under the control of said central process-
ing unit.

2. A charging control method of a recharging battery,

comprising the steps of:

(a) checking an insertion status of said battery, providing
a visual display of said insertion status of said battery,
and reading a battery voltage of said battery prior to a
charging;

(b) performing an on-charging of said battery and check-
ing whether said battery voltage prior to said charging
has been cleared, when said battery voltage of said
battery prior to said charging read in step (a) is main-
tained at a first voltage state during a first timne period;

(c) maintaining said battery voltage of said battery prior
to said charging to a second voltage state during a
second time period, when said battery voltage prior to
said charging read in step (b) has not been cleared;

(d) checking whether said battery voltage prior to said

charging corresponds to a third voltage state during a
- third time period, when said battery voltage prior to

said charging read in step (c¢) is maintained at said

second voltage state during said second time period;

(e) checking whether a counter set for said first time
period exceeds a predetermined count value, when said
battery voltage prior to said charging read in step (d)
corresponds to said third voltage state during said third
time period;

(f) checking whether a charging mode for charging said
battery is set for one of a fourth time period, a fifth time
period and a sixth time period;

(g) checking a charging state of said battery during said
fourth time period when said charging mode is set in
step (f) for said fourth time period, and converting a
charging mode to said fifth time period;

(h) checking a charging state of said battery during said
fifth time period, when said charging mode is set in step
(f) for said fifth time period, increasing said counter by
a constant value corresponding to said first time period,
converting a charging mode to said sixth time period,
turning off said charging of said battery, and clearing
said battery voltage prior to charging; and

(1) checking a charging state of said battery during said
sixth time period, when said charging mode is set in
step (1) step for said sixth time period, increasing said
counter by said constant value corresponding to said
first time period, turning off said charging of said
battery, and clearing said battery voltage prior to said
charging.

3. The charging control method of claim 2, further com-
prised of said first voltage state of said battery corresponding
to 5.4 Volts and said first time period for charging the battery
corresponding to thirty minutes.

4. The charging control method of claim 2, further com-
prised of said second voltage state of said battery corre-
sponding to 4.9 Volts and said second time period for

charging the battery cormresponding to two and one-half
hours.

5. The charging control method of claim 2, further com-

prised of said third voltage state of said battery correspond-
ing to 5.2 Volts and said third time period for charging the
battery corresponding to fifty-five minutes.
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6. The charging control method of claim 2, further com-
prised of said fourth time period corresponding to thirty
minutes of charging said battery.

7. The charging control method of claim 2, further com-
prised of said fifth time period corresponding to twenty
minutes of charging said battery.

8. The charging control method of claim 2, further com-
prised of said sixth time period corresponding to twenty-five
minutes of charging said battery.

9. A process of charging a rechargeable battery, compris-
ing:

providing a visual indication of a charging operation,

when a battery is inserted in a battery charger for
charging;

initially determining whether a battery voltage of the

battery prior to charging is not above a first predeter-
mined voltage for a first time period;

initially charging the battery with a charge current, when

the battery voltage of the battery prior to charging is not
above said first predetermined voltage for said first time
period;

determining whether the battery voltage of the battery as

initially determined has been cleared from a memory;

when the battery voltage of the battery as initially deter-

mined has been cleared from the memory, determining
whether a counter set for said first time period reaches

a predetermined count value;

when said counter set for said first time period does not
reach said predetermined count value, determining
whether a charging mode for charging the battery is set
for one of said first time period, a second time period
and a third time period;

when the charging mode for charging the battery is set for
said first time period, charging the battery with said
charge current for said first time period, determining
whether the battery voltage of the battery increases
after the battery has been charged with said charge
current for said first time period, and continuing charg-
ing the battery with said charge current until interrup-
tion when the battery voltage of the battery after the
battery has been charged with said charge current no
longer increases; | |

alternatively, when the charging mode for charging the
battery is set for said second time period, charging the
battery with said charge current for said second time
period, determining whether the battery voltage of the
battery increases after the battery has been charged
with said charge current for said second time period,
and continuing charging the battery with said charge
current until interruption when the battery voltage of
the battery after the battery has been charged with said
charge current no longer increases; and

alternatively, when the charging mode for charging the
battery is set for said third time period, charging the
battery with said charge current for said third time
period, determining whether the battery voltage of the
battery increases after the battery has been charged
with said charge current for said third time period, and
continuing charging the battery with said charge cur-
rent until interruption when the battery voltage of the

battery after the battery has been charged with said
charge current no longer increases. |

10. The process of claim 9, further comprised of said first
predetermined voltage corresponding to 5.4 Volts and said
first time period for charging the battery corresponding to

thirty minutes.
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11. The process of claim 9, further comprising:

when the battery voltage of the battery as initially deter-
mined has not been cleared from the memory, deter-
mining whether the battery voltage of the battery prior
to charging is not above a second predetermined volt-
age;

when the battery voltage of the battery prior to charging
is above said second predetermined voltage, determin-
ing whether the battery voltage of the battery prior to
charging is not above a third predetermined voltage;

when the battery voltage of the battery prior to charging
1s not above said second predetermined voltage, con-
tinuing charging the battery for a fourth time period and
then determining whether the battery voltage of the
battery prior to charging is not above said third prede-
termined voltage;

when the battery voltage of the battery prior to charging
is above said third predetermined voltage, proceeding
to determine whether said counter set for said first time
period reaches said predetermined count value; and

when the battery voltage of the battery prior to charging
1s not above said third predetermined voltage, continu-
ing charging the battery for a fifth time period and then
proceeding to determine whether said counter set for
said first time period reaches said predetermined count
value. |

12. The process of claim 11, further comprised of said
second predetermined voltage corresponding to 4.9 Volts,
said fourth time period for charging the battery correspond-
ing to two and one-half hours, said third predetermined
voltage corresponding to 5.2 Volts, and said fifth time period
- for charging the battery corresponding to fifty-five minutes.

13. The process of claim 9, further comprised of said first
time period for charging the battery corresponding to thirty
minutes, said second time period for charging the battery
corresponding to twenty minutes, and said third time period
for charging the battery corresponding to twenty-five min-
utes.

14. The process of claim 13, further comprised of said
battery being charged with said charge current for said first
time period by:

determining first whether the battery has been charged for

said first time period when the charging mode is set for
said first time period,;

determining whether the battery voltage of the battery

increases after the battery has been charged with said
charge current for said first time period;

when the battery voltage of the battery does not increase
after the battery has been charged with said charge
current for said first time period, determining whether
the battery voltage of the battery after charging is
substantially the same as the battery voltage of the

battery prior to charging;

when the battery voltage of the battery after charging is
not substantially the same as the battery voltage of the
battery prior to charging, providing a visual display of
a full charged state of the battery and terminating the
charging operation; and

when the battery voltage of the battery increases after the
battery has been charged with said charge current for
said first time period, and alternatively, when the bat-
tery voltage of the battery after charging is substantially
the same as the battery voltage of the battery prior to
charging, converting the charging mode for said first
time period to the charging mode for said second time
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period, clearing the battery voltage prior to charging
from said memory, interrupting supply of said charge
current to the battery for charging for a fourth time
period and then returning to said initial charging of the
battery with said charge current.

15. The process of claim 14, further comprised of fourth
time period for interrupting charging the battery correspond-
ing to thirty minutes.

16. The process of claim 13, further comprised of said
battery being charged with said charge current for said
second time period by:

determining first whether the battery has been charged for

said second time period when the charging mode is set
for said second time period;

determining whether the battery voltage of the battery
increases after the battery has been charged with said
charge current for said second time period;

when the battery voltage of the battery does not increase
after the battery has been charged with said charge
current for said second time period, determining
whether the battery voltage of the battery after charging
is substantially the same as the battery voltage of the
battery prior to charging; |

when the battery voltage of the battery after charging is
not substantially the same as the battery voltage of the
battery prior to charging, providing a visual display of
a full charged state of the battery and terminating the
charging operation; and -

when the battery voltage of the battery increases after the

battery has been charged with said charge current for
said second time period, and alternatively, when the
battery voltage of the battery after charging is substan-
tially the same as the battery voltage of the battery prior
to charging, converting the charging mode for said
second time period to the charging mode for said third
time period, clearing the battery voltage prior to charg-
ing from said memory, interrupting supply of said
charge current to the battery for charging for a fourth
time period and then returning to said initial charging
of the battery with said charge current.

17. The process of claim 16, further comprised of said
fourth time period for interrupting charging the battery
corresponding to ten minutes.

18. The process of claim 13, further comprised of said
battery being charged with said charge current for said third
time period by: |

determining first whether the battery has been charged for

said third time pertod when the charging mode is set for
said third time period;

determining whether the battery voltage of the battery

increases after the battery has been charged with said
charge current for said third time period;

when the battery voltage of the battery does not increase
atter the battery has been charged with said charge
current for said third time period, determining whether
the battery voltage of the battery after charging is
substantially the same as the battery voltage of the
battery prior to charging;

when the battery voltage of the battery after charging is
not substantially the same as the battery voltage of the
battery prior to charging, providing a visual display of
a full charged state of the battery and terminating the
charging operation; and

when the battery voltage of the battery increases after the
battery has been charge current for said charge current
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for said third time period, and alternative, when the
battery voltage of the battery after charging is substan-
tially the same as the battery voltage of the battery prior
to charging, converting the charging mode for said third
time period back to the charging mode for said second
time period, clearing the battery voltage prior to charg-
ing from said memory, and interrupting supply of said
charge current to the battery for charging for a fourth
time period and then returning to said initial charging
of the battery with said charge current. |
19. The process of claim 18, further comprised of said
fourth time period for interrupting charging the battery
corresponding to five minutes.
20. The process of claim 9, further comprising:

when said counter set for said first time period reaches
said predetermined count value, clearing the battery
voltage prior to charging from said memory, interrupt-
ing supply of said charge current to the battery for
charging for a fourth time period, resetting the charging
mode for said first time period and then returning to
said initial charging of the battery with said charge
current.

21. The process of claim 20, further comprised of said first

time period for charging the battery comresponding to thirty

minutes, and said fourth time period for interrupting charg-

ing the battery corresponding to thirty minutes.
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22. The process of claim 21, further comprising:

when the battery voltage of the battery as initially deter-
mined has not been cleared from the memory, deter-
mining whether the battery voltage of the battery prior
to charging is not above 4.9 Volts;

when the battery voltage of the battery prior to charging
is above 4.9 Volts, determining whether the battery

voltage of the battery prior to charging is not above 5.2
Volts;

when the battery voltage of the battery prior to charging
is not above 4.9 Volts, continuing charging the battery
for two and one-half hours and then determining
whether the battery voltage of the battery prior to -
charging is not above 5.2 Volts; -

when the battery voltage of the battery prior to charging
is above 3.2 Volts, proceeding to determine whether

said counter set for said first time period reaches said
predetermined count value; and

when the battery voltage of the battery prior to charging
is not above 5.2 Volts, continuing charging the battery
for fifty-five minutes and then proceeding to determine
whether said counter set for said first time period
reaches said predetermined count value.

* * * % ¥
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